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Abstract . Thunderstorms which occur during the pre-monsoon season arc the most common kind of storms over the eastern region oflndia 
Onset and departure of these storms bring large scale changes in the Uiermodynamic state of the lower atmosphere In this paper, wc have studied 
the impact of these pre-monsoon thunderstorms on tropospheric propagation of 188 MHz TV signal over a 70 km path situated between Satkhira 
rv station in Bangladesh and Electronics and Communication Science Unit of Indian Statistical Institute, Kolkata (India) The propagation 
characteristics of 188 MHz TV signal observed on stormy days are compared with those which observed during the normal days of the same 
season It is observed that these pre-monsoon thundersrorm bring a noticable change in fading characteristics of the 188 MHz VHF signal. In 
addition to this, SODAR observations and radiosonde data are analysed to study the radioclimatology during these stormy days and obtained 
results are compared with that observed during the normal days of the same season
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1. Introduction
During the  p re -m o n s o o n  se a s o n , th e  su n  re f le c ts  v e rtic a lly  
on the T ro p ic  o f  C a n c e r  (2 2 ° N  la titu d e )  c a u s in g  a  h ig h  
surface tem p era tu re , a n d  a  s tro n g  c o n v e c tio n  b eco m e s p o ss ib le  
during the  d a y  tim e . D u e  to  th e  s tro n g  v e r tic a l a ir  c u rre n t, 
the m o istu rized  a ir  r is e s  (h e ig h t  ra n g e  o f  4 5 0 0  m e te r  to  9 0 0 0  
uieter) at th e  e x p e n s e  o f  its  la te n t h e a t o f  c o n d e n sa tio n  an d  
ihc cloud fo rm a tio n  d u e  to  th is  a c tiv ity  is o f  th e  cu m u lo n im b u s  
lypc. It is a v e ry  a la rm in g  s i tu a t io n  a n d  g iv e s  th e  in d ic a tio n  
tor the o c c u rre n c e  o f  th u n d e r s q u a lls .  Ih u n d e r s to r m s  fo rm e d  
this p ro c e s s  h a v e  d ifT eren t n a m e  in  d if fe re n t p a rts  o f  
In th e  e a s te rn  p a r t  o f l n d ia ,  sp e c if ic a lly  in  W e s t B en g a l 
(India) and  B a n g la d e s h , it h a s  th e  n a m e  Kalbaishakhi o r  
westers. In  th e  n o r th e rn  p a r t  o f ln d ia ,  th e se  p re -m o n so o n  
thunderstorms a re  c a lle d  b y  th e  n a m e  Andhi o r  Dust-storm. 
the early  p re -m o n s o o n  se a s o n  ( f ro m  th e  e n d  o f  F e b ru a ry  
the end o f  M a rc h )  th e  f re q u e n c y  o f  o c c u rre n c e  o f  su ch
t^ orresponding Author
p h e n o m e n a  is h a rd ly  o n e  o r tw o  p e r m o n th , w h ile  d u rin g  th e  
p eak  p re -m o n so o n  season  (A p ril/M ay ), th e ir  n u m b e r in c reases 
fro m  fiv e  to  fifteen  p e r m o n th . S o m e tim es  th ey  m ay  o c c u r 
ev en  tw ice  a  day .
W e h a v e  d e s ig n e d  an  e x p e rim e n ta l se t u p  to  s tu d y  th e  
im p ac t o f  th ese  sto rm s on tro p o sp h e ric  ra d io w a v e  p ro p ag a tio n  
an d  th e  c o rre sp o n d in g  ra d io c lim a to lo g y  [1 ,2 ] . D u rin g  the 
c o u rse  o f  o u r e x p e rim e n t an d  d a ta  c o lle c tio n , a n u m b e r o f  
p re -m o n so o n  th u n d e rs to rm s  h it o u r p lace  o f  o b se rv a tio n . In 
th e se  s to rm y  d ay s, w e  h a v e  re c o rd e d  th e  V H F  s ig n a l level 
c a re fu lly  so  th a t th e  ac tu a l in f lu e n c e  o f  th e se  s to rm ic  
a c t iv i t ie s  on  t r o p o s p h e r ic  V H F  p ro p a g a t io n  c a n  b e  
in v estig a ted . T o  stu d y  th e  rad io c lim a to lo g y , w e  h a v e  d es ig n ed  
a  2 3 5 0  H z m o n o s ta t ic  S o u n d  D e te c t io n  a n d  R a n g in g  
(S O D A R ) sy s tem  an d  re c o rd e d  th e  o b se rv a tio n s  on  a  re g u la r  
b a s is . In a d d itio n  to  th is , w e h av e  c o lle c te d  th e  ra d io so n d e  
d a ta  fro m  th e  n ea rb y  c iv il-a v ia tio n  d e p a rtm e n t.
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In  th is  p a p e r , in itia lly  w e  w ill d is c u ss  th e  im p a c t o f  
N o r ’w e s te r s  o n  a v e ra g e  V H F  s ig n a l lev e l. T h e  e ffe c t o f  th e se  
s to rm s  o n  fa d in g  ra te  a n d  d e p th  o f  V H F  s ig n a l w ill a lso  b e  
d is c u sse d  in th e  fo l lo w in g  se c tio n s . In  a d d itio n , ra d io c lim a tic  
c o n d i t i o n s  d e d u c e d  f ro m  r a d i o s o n d e  a n d  S O D A R  
o b s e rv a tio n s  w ill b e  p re s e n te d  in  th is  p ap e r.
2 . D e s c r ip t io n  o f  th e  e x p e r im e n ta l  s e t  u p  to  r e c o r d  
th e  d a t a
F ig u re  1 sh o w s  th e  s im p le  b lo ck  d ia g ra m  o f  th e  e x p e rim e n ta l 
se t u p  u se d  to  re c o rd  th e  V H F  s ig n a l lev e l. A 188 M H z  T V  
s ig n a l is t r a n s m itte d  re g u la r ly  fro m  S a tk h ira  T V  sta tio n , 
B a n g la d e sh  fro m  16 3 0  h o u rs  to  2 2 3 0  h o u rs . V H F  s ig n a l 
lev e l h a s  b e e n  re c o rd e d  re g u la r ly  a t th e  E le c tro n ic s  an d  
C o m m u n ic a tio n  S c ie n c e  U n it o f  In d ia n  S ta tis tic a l In s titu te , 
K o lk a ta . A  h ig h ly  d ire c tio n a l Y ag i a n te n n a  s itu a te d  o v e r  30  
m e te r  ta ll g e o lo g y  b u ild in g  o f  th e  In s titu te  is u se d  to  re c e iv e  
th e  s ig n a l. T h e  tr a n s m itte d  p o w e r  o f  a n te n n a  is 2 k ilo w a tt. 
T h e  d is ta n c e  b e tw e e n  th e  tra n sm ittin g  a n d  th e  re c e iv in g  
a n te n n a  is a p p ro x im a te ly  7 0  k ilo m e te r . T h e  sp e e d  o f  th e  s tr ip  
c h a r t  r e c o rd e d  w a s  k e p t a t 6 0  c m /h o u r . A  h ig h  f re q u e n c y  
s ig n a l g e n e ra to r  (T 8 0 1 )  is u se d  to  c a lib ra te  th e  sy s tem .
3 . N o r V e s t e r s  : a  p r e - m o n s o o n  s e a s o n a l  p h e n o m e n a  
o v e r  th e  e a s t e r n  r e g io n  o f  I n d ia
O v e r  th e  e a s te rn  c o a s ta l re g io n  o f  In d ia , th u n d e rsq u a lls  a re  
e x p e r ie n c e d  « s  e a r ly  as  in th e  m o n th  o f  F e b ru a ry . T h e  
n u m b e r  o f  th e ir  o c c u rre n c e  g ra d u a lly  in c re a se s  an d  re a c h e s  
a m a x im u m  in th e  m o n th  o f  A p ril an d  M a y  a n d  d e c re a se s  
c o n s id e ra b ly  th e re a f te r . T h e se  th u n d e rsq u a lls  o c c u r  u su a lly  
in th e  a f te rn o o n  a n d  e v e n in g  h o u rs  b u t so m e tim e s  h a v e  b e e n
o b se rv e d  a t o th e r  tim e s  o f  d a y  a n d  n ig h t a lso . A  la rg e  number 
o f  th e s e  th u n d e rsq u a lls  s tr ik e  f ro m  th e  n o r th w e s t direction 
T h a t is w h y , so m e tim e s  th e se  th u n d e r s to rm s  a re  a lso  termed 
N o r ’w e s te rs . O c c a s io n a lly , th e s e  th u n d e r s to rm s  m a y  arrive 
fro m  o th e r  d ire c tio n s  a lso . T h e se  N o r ’w e s te r s , w h ich  are 
a lso  c a lle d  K a lb a is h a k h i, m a y  a r r iv e  w ith  a  w in d  speed of 
4 0  to  80  k m  p e r  h o u r. S o m e tim e s  th e ir  sp e e d  m a y  exceed 
100 k m  p e r  h o u r . T h e se - th u n d e rsq u a lls  a re  a c c o m p an ied  by 
th u n d e r , l ig h tn in g  a n d  ra in fa l l  o f  a b o u t 25  m m  on an 
a v e ra g e , b u t in  so m e  c a se s  ra in fa l l  m a y  e x c e e d  50  mm or 
m o re . T h e se  p re -m o n so o n  s e a s o n a l s to rm s  b r in g  a  noticeable 
c h a n g e  in  su rfa c e  te m p e ra tu re . It h a s  b e e n  o b se rv e d  that the 
a v e ra g e  fa ll in  te m p e ra tu re  d u e  to  th e s e  th u n d e rs to rm s  is of 
th e  o rd e r  o f  10 to  1 5 °C , w h e re a s  in . so m e  p a r t ic u la r  cases, 
th e  fa ll in  su r fa c e  te m p e ra tu re  m a y  b e  o f  th e  o rd e r  o f  20“C 
o r  a b o v e . F in a lly , it h a s  b e e n  o b se rv e d  th a t th e  surface 
p re s su re  in c re a se s  in v a r ia b ly  b e fo re  th e  o n se t o f  these 
N o r ’w es te rs .
F ro m  th e  u p p e r  a ir  m e a s u re m e n ts  b y  ra d io so n d e  technique 
a n d  o th e r  m e th o d s , it h a s  b e e n  n o tic e d  th a t  o v e r  th e  eastern 
re g io n  o f  In d ia , th e  f irs t k ilo m e te r  o f  th e  a tm o sp h e re  remains 
in  a  s ta te  o f  in s ta b ili ty  w ith  a  la rg e  s to re  o f  en erg y . This 
in s ta b ility  is  n o t a lw a y s  m a n ife s te d  b u t  m a y  e x is t  in  a latent 
s ta te . It re q u ire s  a  fu r th e r  im p u ls e  to  g e t r e le a s e d  fro m  higher 
lev e l, so m e tim e s  w ith  g re a t v io le n c e . T h is  im p u ls e  o r  trigger 
a c tio n  is  g e n e ra lly  p ro v id e d  f ro m  n a tu ra l p ro cesse s . The 
m o s t im p o r ta n t n a tu ra l p ro c e s s  is in te n s iv e  so la r  heating 
w h ic h  re a c h e s  a  m a x im u m  d u r in g  a f te rn o o n  hours and 
c a u se s  la rg e  c o n v e c tio n a l u p d ra f t  o f  a ir  f ro m  th e  lo w er level 
to  th e  h ig h e r  lev e l o f  th e  a tm o sp h e re . T h e  a fte rn o o n  and
Figure 1. Experimental set up to record the VHF signal level.
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early e v e n in g  th u n d e r s to rm s  a rc  g e n e ra l ly  fo n n e d  d u e  to  th is  
process. A  la rg e  a m o u n t o f  e n e rg y  ca n  b e  re le a se d  in  th e  
h igher leve l o f  th e  a tm o s p h e re  d u e  to  th e  r is in g  o f  th e  a ir 
current o v e r  e i th e r  a  h ill to p  o r  a  b a r r ie r  o f  co ld  a ir  m ass. 
A ccord ing  to  th is  p ro c e s s , th u n d e rsq u a lls  m a y  fo rm  a t any  
time d u rin g  th e  d a y  a n d  n ig h t.
C h a ra c te r is tic s  a n d  b e h a v io r  o f  th u n d e rs to rm , d u s ts to rm  
and sa n d s to rm  a re  s tu d ie d  b y  m a n y  sc ie n tis ts  a ll o v e r  th e  
w o r ld ,  w o r k i n g  in  t h e  a r e a  o f  c l i m a t o l o g y  a n d  
ra d io m e te o ro lo g y . T h e y  h a v e  a lso  s tu d ie d  th e  im p a c t o f  
these s to rm  o n  ra d io w a v e  p ro p a g a tio n . M e ie n  [3] s tu d ie d  th e  
Ibm iation  o f  in v e r s io n  la y e r  d u r in g  th e  se v e re  s to rm  in 
Hunan P ro v in c e . F a lc o n e r  [4 ] u se d  ra d a r  sy s te m  to  s tu d y  the 
behavior o f  th u n d e r s to rm  a c ro s s  N e w  Y o rk  S ta te . L o u re g z  
and A le  [5 ] s tu d ie d  th e  c h a ra c te r is tic s  o f  d u s ts to rm  o v e r 
M elbourne c ity  in  A u s tra lia . T h e  tr a n s p o r t  an d  sp a tia l sca le  
of A sian  d u s ts to rm  c lo u d s  h a d  b e e n  s tu d ie d  b y  Iw a sa k a  et
[6]. K a la k i et al [7 ] u se d  io n o s p h e r ic  so u n d in g  sa te llite  
to study  th e  g lo b a l d is tr ib u tio n  o f  th u n d e rs to rm  ac tiv ity . 
B ader [8] m a d e  a  s im u l ta n e o u s  u se  o f  R a d a r  an d  R a in  g au g e  
system  to  s tu d y  th e  b e h a v io r  o f  se v e re  th u n d e rs to rm  n e a r 
M arichcsters P re p g ra s s  a n d  K rid e r  [9 ] m a d e  an  a tte m p t to  
study th e  p h e n o m e n a  o f  l ig h tn in g  a n d  su r fa c e  ra in  fa ll d u rin g  
the o c c u rre n c e  o f  a  th u n d e r s to rm  o v e r  F lo r id a . O rg ill and  
Schm cl [1 0 ] s tu d ie d  th e  f r e q u e n c y  a n d  d iu rn a l v a r ia tio n  o f  
duststo rm  in U S A . G h o b r ia l  [ I I ]  in v e s tig a te d  th e  e ffe c t o f  
sandstorm  o n  m ic ro w a v e  p ro p a g a tio n .
4. Im p a c t  o f  N o r V e s t e r s  o n  a v e r a g e  V H F  s ig n a l  lev e l 
v a r ia tio n
In the p re v io u s  se c t io n , w e  h a v e  d is c u s se d  th e  c h a ra c te r is tic s  
and b e h a v io r  o f  N o r ’w e s te r s  o r  K albaL shakh is. In  th is  
section, w e  w ill d is c u s s  th e  e ffe c t o f  th e s e  p re -m o n so o n  
seasonal th u n d e r s to rm s  on  V H F  s ig n a l lev e l v a ria tio n . T o  
visualize th is  e f fe c t,  w e  h a v e  re c o rd e d  th e  V H F  s ig n a l 
carefu lly  d u r in g  th e  p a s s a g e  o f  th e s e  s e a so n a l th u n d e rs to rm s  
over o u r s ite  o f  e x p e r im e n t.
F ig u re  2 p re s e n ts  th e  b e h a v io r  o f  th e  a v e ra g e  V H F  sig n al 
level d u r in g  so m e  d a y s  o f  p re -m o n so o n  se a so n  w h ich  
e x p e rie n c e d  th e  o c c u r r e n c e  o f  th u n d e r s to r m  b e tw e e n  
afternoon a n d  e v e n in g  h o u rs . S im ila r ly , F ig u re  3 d e sc r ib e s  
the b e h a v io r  o f  th e  a v e ra g e  V H F  s ig n a l le v e l d u rin g  so m e  
days o f  th e  p re - m o n s o o n  se a so n  w h ic h  a re  free  from  
occurrence  o f  th u n d e r s to rm  (n o rm a l d a y s )  b e tw e e n  a fte rn o o n  
and e v e n in g  h o u rs . It c a n  b e  o b s e rv e d  fro m  th e  F ig u re  3 th a t 
during n o rm a l d a y s  a f te r  th e  su n se t, th e  a v e ra g e  V H F  s ig n a l 
level im p ro v e d  c o n tin u o u s ly  w ith  tim e , w h e re a s  F ig u re  2 
shows th a t o n  s to rm y  d a y s , th e  a v e ra g e  V H F  s ig n a l lev e l 
ex p erien ced  ra p id  f lu c tu a tio n s . O n  17 lh  A p ril 1986  (c u rv e  
1 in F ig u re  2 ) , w e  o b s e rv e d  th e  fo rm a tio n  o f  th u n d e rc lo u d  
a iound 18 h o u rs , a n d  a  th u n d e r s to rm  w ith  65  k m /h r  w in d
v e lo c ity  h it o u r s ite  o f  o b se rv a tio n  a ro u n d  1820  h rs . T h is  
th u n d e rs to rm  h as  b ro u g h t a b o u t 15.5 d b  d ro p  in a v e ra g e
Figure 2. The bchavioi of ihc average signal level oflHS MM/ fV signal 
during some days of liic pre-monsoon season, experiencing ihundcrslorm
TIMe.lST
Figure 3. The behavior of average signal level of 188 MM/ 'I'V signal 
during some normal days of llic pre-monsoon season.
V H F  sig n a l leve l. A t th e  sa m e  tim e , d e p a r tu re  o f  th e  
th u n d e rs to rm  e n h a n c e d  th e  a v e ra g e  V H F  s ig n a l lev e l by  
18.5 db .
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S im ila rly , c u rv e s  2 , 3 an d  4  in F ig u re  2 re p re se n t th e  
b e h a v io r  o f  a v e ra g e  V H F  s ig n a l level d u rin g  2 8 lh  A p ril 
1 9 8 6 ,6 th  M ay  1986  an d  7 th  M ay  1986 re sp ec tiv e ly . O n  28 th  
A p ril, a t a b o u t 1957 h o u rs , a th u n d e rs to rm  w ith  65  k m /h r  
w in d  v e lo c ity  h it th e  e x p e rim e n ta l site . D ue to  th e  o n se t o f  
th is  th u n d e rs to rm , V H F  s ig n a l level e x p e rie n c e d  a b o u t 12 db  
d ro p , w h e re a s  th e  d is s ip a tio n  o f  th e  th u n d e rs to rm  b ro u g h t 
a  s ig n if ic a n t im p ro v e m e n t in a v e ra g e  V H F  s ig n a l level. 
S im ila rly , c u rv e s  3 an d  4 d e sc r ib e  th a t on  6 th  M ay  an d  7 th  
M ay  1986 , d u e  to  o n se t o f  th u n d e rs to rm  th e  a v e ra g e  V H F  
s ig n a l level d e c re a se d  by  10 d b  an d  12 d b  re sp e c tiv e ly , 
w h e re a s  d e p a rtu re  o f  th u n d e rs to rm s  w a s  a sso c ia te d  w ith  a 
n o tic e a b le  im p ro v e m e n t in a v e ra g e  V H F  s ig n a l level.
F ro m  th e  a b o v e  re su lts , it c an  b e  c o n c lu d e d  th a t d u rin g  
tl)e n o rm a l d a y s  o f  th e  p re -m o n so o n  se a so n , th e  a v e ra g e  
V H F  s ig n a l lev e l im p ro v e s  d u rin g  e v e n in g  h o u rs . O n  th e  
o th e r  h an d , d u rin g  s to rm y  d a y s  th e  a v e ra g e  V H F  s ig n a l level 
e x p e rie n c e s  a  s ig n if ic a n t d ro p  ( o f  th e  o rd e r  o f  10 to  15 d b ) 
d u rin g  th e  m a tu re  s tag e  o f  the  th u n d e rs to rm  w h ereas  d ep artu re  
o f  a  th u n d e rs to rm  is g e n e ra lly  a sso c ia te d  w ith  a re m a rk a b le  
im p ro v e m e n t in  a v e ra g e  V H F  s ig n a l leve l. It h a s  a lso  b een  
n o tic e d  th a t  m o s t o f  th e  tim e , th is  im p ro v e m e n t p e rs is te d  fo r 
(I lo n g e r d u ra tio n  o f  tim e .
5. Impact of Nor’westers on fading rate of a 188 MHz 
VHF signal
In th is  se c tio n , w e  w ill in v e s tig a te  th e  im p ac t o f  N o r ’w este rs  
o n  a v e ra g e  fa d e  ra te  o f  a  188 M H z  V H F  s ig n a l p ro p a g a tin g  
o v e r  a 7 0  k ilo m e te r  L O S  lin k  s itu a te d  b e tw e e n  IS I, K o lk a ta  
( In d ia )  an d  S a tk h ira  T V  s ta tio n , B a n g la d e sh .
F ig u re  4  re p re se n ts  th e  v a r ia tio n  o f  a v e ra g e  fad e  ra te  o f  
a V H F  s ig n a l d u r in g  so m e  d a y s  o f  th e  p re -m o n so o n  sea so n
w h ich  h a v e  e x p e rie n c e d  th e  o c c u rre n c e  o f  th u n d ersto rm  
b e tw e e n  a f te rn o o n  a n d  la te  e v e n in g  h o u rs . S im ila rly , 
F ig u re  5 p re sen ts  th e  b e h a v io r  o f  a v e ra g e  fad e  ra te  o f  a  VHF 
s ig n a l d u rin g  so m e  n o rm a l d a y s  o f  th e  p re -m o n so o n  season
Figure 4. The behavior of average fade rate of 188 MHz VHF signal during 
some days of the pre-monsoon season, experiencing Ihunderslorm
Figure 5. The behavior of average fade rate of 188 MHz VHF signal during 
some normal days of the pre-monsoon season
(d a y s  w h ich  a re  free  fro m  o c c u rre n c e  o f  th u n d e rs to rm  during  
a fte rn o o n  o r ea rly  e v e n in g  h o u rs ) . It can  be  o b se rv e d  from 
F ig u re  5 th a t d u rin g  n o rm a l d a y s  a fte r  su n se t, th e  average 
fad in g  ra te  d e c re a se d  s lo w ly  w ith  tim e , w h e re a s  o n  th e  o ther 
h an d . F ig u re  4 sh o w s th a t d u rin g  s to rm y  d a y s  th e  average  
fad e  ra te  o f  a  V H F  s ig n a l e x p e rie n c e d  a  ra p id  f lu c tu a tio n s .
F ig u re  4 d e p ic ts  th a t on  17th A p ril 1986 , d u e  to  th e  onset 
o f  a  th u n d e rs to rm , th e  a v e ra g e  fad e  ra te  o f  a V H F  signal 
re a c h e d  as h ig h  as 80 fa d e s  p e r  h o u r. A f te rw a rd s , it started  
d e c re a s in g  w ith  th e  d is s ip a tio n  o f  th e  th u n d e r s to m v  C urve 
2 d e sc r ib e s  th a t on  2 8 th  A p ril 1986, d u e  to  th e  o n se t o f  a 
th u n d e rs to rm  a t a ro u n d  1957  h rs  1ST, th e  a v e ra g e  fad e  rate 
o f  V H F  s ig n a l in c re a se d  fro m  2 8  fad es  p e r  h o u r  to  65 fades 
p e r h o u r  b e tw e e n  1730  a n d  2 0 3 0  h rs  1ST, w h e re a s  the 
d is s ip a tio n  o f  a  th u n d e rs to rm  b ro u g h t a b o u t a  sh a rp  fall in 
a v e ra g e  fa d e  ra te  o f  th e  V H F  s ig n a l. S im ila r ly , c u rv e s  3 and 
4 sh o w  th a t o n  6 th  a n d  7 th  M a y “ 1986 , d u e  to  o n se t o f 
th u n d e rs to rm , th e  a v e ra g e  fad e  ra te  h a s  in c re a se d  to  85 and 
6 0  fa d e s  p e r  h o u r  re sp e c tiv e ly . A n a lo g o u s  to  th e  p rev ious 
ca se s , h e re  a lso  w e  can  o b se rv e  a ra p id  fa ll in th e  average 
fad e  ra te  a f te r  th e  d e p a rtu re  o f  th e  th u n d e rs to rm .
F ro m  th e  a b o v e  e x p e rim e n ta l re su lts , it c a n  b e  co n clu d ed  
th a t th e  o n se t o f  p re -m o n so o n  se a so n a l th u n d e rs to rm s  brings 
a sh a rp  in c re a se  in a v e ra g e  fa d e  ra te  p f  a  188 M K z  (V HF 
b a n d )  s ig n a l, p ro p a g a tin g  o v e r  a  7 0  k m  lo n g  tro p o sp h eric  
L O S  lin k  s i tu a te d  b e tw e e n  IS I, K o lk a ta , a n d  S a tk h ira  TV
Impact of pre-monsoon thunderstorm on tropospheric \ 'HF propagation 301
station, B a n g la d e sh , w h e re a s  th e  a v e ra g e  fad e  ra te  o f  th e  
V HF s ig n a l a lw a y s  d e c re a s e s  a fte r  th e  d is s ip a tio n  o f  a 
th u n d e rs to rm .
6. I m p a c t  o f  t h u n d e r s t o r m s  o n  th e  a v e r a g e  f a d e  d e p th  
of a  188 M H z  V H F  s ig n a l
In th is  s e c t io n , w e  w ill d is c u s s  a b o u t th e  im p ac t o f  p re ­
monsoon se a so n a l th u n d e r s to rm s  o n  th e  a v e ra g e  fad e  d ep th  
o f the sa m e  s ig n a l, p ro p a g a t in g  o v e r  a  tro p o sp h e r ic  L O S  link  
situated  o v e r  th e  e a s te rn  re g io n  o f  In d ia .
f  ig u re  6 d e sc r ib e s  th e  b e h a v io r  o f  a v e ra g e  fade  d ep th  o f  
the V H F  s ig n a l d u r in g  fe w  s to rm y  d a y s  o l th e  p re -m o n so o n
Hio lilo  low i;io
tim e , tST
H liiirr 6. 1 lie b ehav io r ol the average fade deplli o f  188 M M / VHI* 
signal d u ring  som e days o f  the  p re-m onsoon  season, experiencing  
ihunderslorm
season. S im ila r ly , F ig u re  7 sh o w s th e  b e h a v io r  o f  the 
average  fa d e  d e p th  o f  th e  V H F  s ig n a l d u rin g  few  n o rm a l 
days o f  th e  p re -m o n s o o n  se a so n .
In F ig u re  7 it is se e n  fro m  c u rv e  1 th a t on  a n o rm a l day , 
the a v e ra g e  fa d e  d e p th  o f  th e  s ig n a l in c re a se d  b e tw e e n  1630 
and 1830 h rs  1ST, w h e re a s  it d e c re a se d  d u rin g  the  late  
even ing  h o u rs . C u rv e  2 sh o w s  th a t th e  a v e ra g e  fad e  d ep th  
increased  b e tw e e n  1730  an d  1930  h rs  1ST a n d  it d e c re a se d  
betw een 1930 a n d  2 0 3 0  h rs  1ST, w h e re a s  d u rin g  la te r h o u rs  
It rem a in ed  a lm o s t u n c h a n g e d . C u rv e  3 d e p ic ts  th a t o n  a 
norm al d a y , th e  a v e ra g e  fa d e  d e p th  o f  th e  s ig n a l in c rea sed  
betw een 163 0  a n d  1730  h rs  1ST a n d  d e c re a s e d  g ra d u a lly  
betw een 17 3 0  a n d  19 3 0  h rs  1ST. D u rin g  th e  la te  e v e n in g  
hours, th e  a v e ra g e  fa d e  d e p th  e x p e r ie n c e d  n e g lig ib le  ch a n g e  
with re s p e c t to  t im e . C u rv e  4  sh o w s  th a t th e  a v e ra g e  fad e  
depth in c re a se d  b e tw e e n  163 0  a n d  1730  h rs  1ST, an d  1830 
and 2 0 3 0  h rs  1ST  re s p e c tiv e ly , w h e re a s  d u rin g  n o rm a l d ay s , 
change in  a v e ra g e  fa d e  d e p th  w a s  n e a r ly  n e g lig ib le . So  it can
be c o n c lu d e d  th a t the a v e ra g e  fad e  d ep th  o f  a V H F  s ig n a l 
h as a ten d en c y  to  in c re a se  d u rin g  e a rly  e v e n in g  h o u rs , 
w h e reas  its v a ria tio n  w ith  re sp e c t to  tim e  is n e g lig ib le  d u rin g  
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F ig u r r  7. I’he bchiivior o f  the average lade depth of 188 MI 1/ VI IF signal 
during som e norm al da> s o f  the pre-m onsoon season
O n th e  o th e r h an d . F ig u re  6 sh o w s th a t d u rin g  th e  s to rm y  
d ay s  o f  th e  p re -m o n so o n  sea so n , th e  fad e  d ep th  o f  th e  VHI* 
sig n al rises  s ig n ific a n tly  d u rin g  th e  o n se t o f  th e  th u n d c rs to m i 
w h e reas , d e p a rtu re  o f  th u n d e rs to rm  is a lw a y s  a sso c ia te d  
w ith  a sh a rp  fall in the av e ra g e  fade d ep th . It can  be seen  
fu rth e r that d u e  to d e p a rtu re  o f  th u n d e rs lo n n , I'all in the 
a v e rag e  fad e  d ep th  m ay  be as h ig h  as 10 d b  (a s  it c an  be 
o b se rv ed  from  th e  c u rv e  4 o f  th e  F ig u re  6 )
T h e re fo re , from  th e  ab o v e  e x p e rim e n ta l re su lts , it can  be 
c o n c lu d e d  th a t  th e  o n s e t  o f  p r e - m o n s o o n  s e a s o n a l  
th u n d e rs to rm s  b rin g s  a sh a rp  in c rea se  in th e  a v e ra g e  fad e  
d ep th  o f  a 188 M H z  V H F  sig n a l, p ro p a g a tin g  o v e r  a  70  km  
lo n g  tro p o sp h e ric  L O S  link  s itu a te d  b e tw een  IS l, K o lk a ta , 
and  S a tk h ira  T V  sta tio n , B a n g lad esh , w h e re a s  th e  a v e ra g e  
fad e  d ep th  o f  th e  V FIF s ig n a l a lw a y s  d e c re a se s  sh a rp ly  a fte r  
th e  d is s ip a tio n  o f  a th u n d e rs to rm .
7. K a d io c lirn a t ic  c o n d it io n  d u r in g  th u n d e r s to r m  d a y s  : 
d e d u c e d  f ro m  r a d io s o n d e  o b s e r v a t io n s
R ad io so n d e  d a ta , c o lle c te d  from  n e a rb y  C iv il-A v ia tio n  
d e p a rtm e n t, D um  D um  A ir p o rt, K o lk a ta , h a s  b een  an a ly z e d  
to  s tu d y  th e  ra d io c lim a tic  c o n d itio n s  d u rin g  s to rm y  and  
n o rm a l d ay s  o f  th e  p re -m o n so o n  se a so n  o v e r  th e  ea s te rn  
reg io n  o f  In d ia . It is w e ll k n o w n  fac t th a t th e se  p re -m o n so o n  
th u n d e rs to rm s  a re  a lw a y s  a sso c ia te d  w ith  h ig h  w in d  sp eed  
a n d  h ea v y  p re c ip ita tio n , w h ic h  in tu rn  b r in g s  a  m ass iv e  
c h a n g e  in th e  th e rm o d y n a m ic  s ta te  o f  th e  f irs t few  k ilo m e te rs  
o f  th e  lo w e r a tm o sp h e re . T o  stu d y  th e  im p a c t o f  th e se
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c h an g es  a t su r fa c e  lev e l, su r fa c e  d a ta  fo r  te m p e ra tu re , 
p re s su re  a n d  h u m id ity  h av e  a lso  b e e n  c o lle c te d  fro m  th e  
In d ian  M e te o ro lo g ic a l D e p a rtm e n t, K o lk a ta . T h e se  d a ta  are  
a n a ly z e d  to  s tu d y  th e  d iu rn a l v a ria tio n  o f  ra d io  re f ra c tiv ity  
at su rface  lev e l (/Vv). F ig u re  8 d e sc r ib e s  th e  d iu rn a l v a ria tio n  
in su rface  re f ra c tiv ity  d u rin g  so m e  n o rm a l d a y s  o f  th e  p re - 
m o n so o n  sea so n  o v e r  th e  ea s te rn  reg io n  o f  In d ia . S im ila rly  
F ig u re  9 sh o w s th e  d iu rn a l v a ria tio n  in  su rfa c e  re f ra c tiv ity  
d u rin g  a few  s to rm y  d a y s  o f  th e  p re -m o n so o n  sea so n  o v e r  
th e  sam e  reg io n .
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Figure 8. Oiumal variatiun of surface refractivity during the normal days 
of tlic pre-monsoon season
su rfa c e  te m p e ra tu re  b y  d a y  tim e  (d u e  to  w a rm in g  o f  th e  earth 
su rfa c e  b y  so la r  ra d ia tio n ) . B e tw e e n  1430  a n d  2 0 3 0  h rs 1ST 
th e  s u r f a c e  r e f r a c t iv i t y  in c r e a s e d  c o n t in u o u s ly .  This 
c o n tin u o u s  in c re a se  in  s u r fa c e  re f ra c tiv ity  ta k e s  p lace  due to 
d ro p  in su rfa c e  te m p e ra tu re  d u r in g  n ig h t  tim e  (due to 
e m iss io n  o f  in f ra re d  ra d ia tio n  b y  th e  e a r th  su rfa c e  during 
n ig h t tim e). D u r in g  la te  e v e n in g  h o u rs , th e  su rfa c e  refractivity 
re m a in e d  a lm o s t u n c h a n g e d . In  F ig u re  9 , c u rv e s  (1 - 4 )  show 
th e  d iu rn a l v a r ia tio n  in  su r fa c e  re f ra c tiv ity  o n  17th April 
1 9 8 6 , 2 8 th  A p r il  1986 , 6 th  M a y  1986  a n d  7 th  M ay  1986 
re s p e c tiv e ly . In  th e s e  d a y s , th e  o c c u rre n c e  o f  thundersto rm s 
to o k  p la c e  b e tw e e n  1630  a n d  2 0 3 0  h rs  1ST. T h e re  exists a 
n o tic e a b le  d if fe re n c e  b e tw e e n  th e  d iu rn a l v a r ia tio n  o f  surfdct* 
re f ra c tiv ity  d u rin g  th e  n o rm a l an d  th e  th u n d e rs to rm y  davs 
o f  th e  p re -m o n so o n  se a so n . C u rv e  1 sh o w s  th a t o n  17th April 
th e  su rfa c e  re f ra c tiv ity  e x p e r ie n c e d  a b o u t 5 0 N -u n its  drop 
b e tw e e n  8 3 0  an d  1430  h rs  1ST. A g a in , it d e c re a s e d  by about 
1 4 N -u n its  b e tw e e n  173 0  an d  2 0 3 0  h rs  1ST, w hereas ii 
in c re a se d  b y  a b o u t 2 0 N  a n d  2 5 N -u n ils  b e tw e e n  1430 and 
1730 hrs 1ST a n d  b e tw e e n  2 0 3 0  an d  2 3 3 0  h rs 1ST respectively 
S im ila rly , o n  2 8 th  A p ril 1 986 , th e  su r fa c e  refractivitv 
d e c re a se d  b y  2 0 N  an d  2 5 N -u n its  b e tw e e n  8 3 0  a n d  1 130 and 
b e tw e e n  1430  an d  2 0 3 0  h rs  1ST re s p e c tiv e ly , w hereas it 
in c re a se d  b y  a b o u t 1 0 .5 N -u n its  b e tw e e n  1130  a n d  1430 hrs 
1ST, an d  b y  a b o u t lO N -u n its  b e tw e e n  2 0 3 0  a n d  2330 hr' 
1ST. O n  6 th  M a y  1986  (c u rv e  3 ) th e  d ro p  in surfaic 
re f ra c tiv ity  w a s  o b se rv e d  till 2 0 3 0  h rs  1ST. A fterw ard s it 
in c re a se d  c o n tin u o u s ly . C u rv e  4 sh o w s th a t o n  7 th  Ma\. 
1986  th e  su rfa c e  re f ra c tiv ity  in c re a se d  b y  2 5 .5N  and 1 IN 
u n its  b e tw e e n  1130 a n d  1430 h rs  1ST an d  b e tw e e n  1730 and 
2 0 3 0  h rs  1ST re sp e c tiv e ly . O n  th e  o th e r  h a n d , it increased 
b y  2 2 N  an d  1 3 N -u n its  b e tw e e n  1430  a n d  1730 h rs  1ST and 
b e tw e e n  2 0 3 0  a n d  2 3 3 0  h rs  I S l '  re s p e c tiv e ly .
Tabic 1. Radiorcfraclivily gradients at different pressure level bclurc ilic 
occurrence of the thunderstorm
Figure 9. Diurnal variation of surface refractivity during some days of tlie 
prc-mon.soon sea.son, experiencing Ihunderstorm.
In F ig u re  8, c u rv e s  ( 1 ^ )  sh o w  th e  d iu rn a l v a ria tio n  in 
su r fa c e  re f ra c tiv ity  on  8 th  A p ril 1986 , 4 th  A p ril 1986, 1 1th 
A p ril 1986  a n d  2 n d  M a y  1986 re sp e c tiv e ly . T h e se  d a y s  a re  
free  fro m  th e  o c c u rre n c e  o f  th u n d e rs to rm , it c an  be seen  
fro m  th e  f ig u re  th a t  d u r in g  th e  n o rm a l d a y s  o f  th e  p re -  
m o n s o o n  se a s o n , th e  su rfa c e  re f ra c tiv ity  d e c re a s e d  g ra d u a lly  
d u r in g  th e  a f te rn o o n  h o u rs  (1 4 3 0  h rs  1ST). T h is  c o n tin u o u s  
d e c re a s e  in  su r fa c e  re f ra c tiv ity  ta k e s  p la c e  d u e  to  a  r ise  in
Date Refractivity gradient with respect to earth surface
at 950 mb at 900 mb at 850 mb at 800 mb
17 4.86 -2 09 -23.27 -32 98
21.4 86 -31.09 -42.56 -49 50 5^1
22.4.86 -41.42 -34.31 _ -35 21 37.3.1
I t is o b se rv e d  th a t  th e  d iu rn a l b e h a v io r  o f  th e  surface 
re f ra c tiv ity  is f lu c tu a tin g  in  n a tu re  d u r in g  th e  thunderstom i) 
d a y s  o f  th e  p re -m o n s o o n  se a so n . A t th e  sa m e  tim e , it has a 
te n d e n c y  to  d e c re a s e  d u r in g  th e  la te  e v e n in g  h o u rs  (after 
2 0 3 0  h rs  1ST), w h e re a s  o n  n o rm a l d a y s  o f  th e  pre-monsoon 
se a so n , th e  d iu rn a l v a r ia tio n  in s u r f r e e  re f ra c tiv ity  has a 
te n d e n c y  to  d e c re a s e  c o n tin u o u s ly  w ith  tim e  b e tw een  0230 
a n d  1430  h rs  1ST, a n d  to  in c re a se  s lo w ly  w ith  tim e  between 
1430  a n d  2 3 3 0  h rs  1ST.
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F ig u re  10 d e sc r ib e s  th e  ra d io -re f ra c tiv ity  p ro f ile  b e fo re  
the o n se t o f  a  th u n d e rs to rm . O n  5 th  A p ril 1986, 17th A pril 
1986, 2 1 st A p ril 1986  an d  2 2 n d  A p ril 1986, th u n d e rs to rm s 
occurred  a t 1800  h rs  1ST, 1845 h rs  1ST, 2 0 1 5  h rs 1ST and  
2040 h rs 1ST re sp e c tiv e ly . R a d io so n d e  o b se rv a tio n s  reco rd ed  
at D um  D u m  A irp o r t, K o lk a ta  a t 1730 h rs  1ST are  an a ly z ed  
to e stim a te  th e  ra d io -re f ra c tiv ity  g ra d ie n ts  (A A ) a t d iffe ren t 
p ressure le v e ls  (o r  h e ig h ts ) , R a d io re f ra c tiv ity  g rad ien ts  
estim ated  a t 1730  h rs 1ST fo r th e se  d a te s  a rc  p resen ted
Figure 10. Description of radio rcfractivity profile before the onset of 
ihmulcrslorm
figure 11. Description of radio rcfractivity profile alter the departure of 
lliundcrstorm.
sep ara te ly  in T ab le  1. T h is  tab le  in d ica tes  th a t b e fo re  th e  
o ccu rren ce  o f  a th u n d ersto rm , the rad io -re frac tiv ity  g rad ien ts  
(w ith  resp ec t to th e  su rface ) at d iffe re n t p re s su re  lev e ls  a rc  
ly ing  be tw een  th e  su b -re frac tiv e  (0  >  AA < - 4 0 )  an d  n o rm al 
re frac tiv e  ran g e  ( - 4 0  >  AA >  - 7 5 ) .  S im ila rly  F ig u re  11 
d esc rib es th e  rad io -re frac tiv ity  p ro f ile  a fte r  th e  d e p a rtu re  o f  
a  th u n d ersto rm . O n 6 lh  M ay  1 9 8 6 ,17th M ay  1 9 8 6 ,30 th  M ay 
1986 an d  31 th  M ay 1986 th u n d e rs to rm s o c cu rred  at 1600 
h rs 1ST, 1245 hrs 1ST, 1215 h rs  1ST an d  1540 h rs 1ST 
resp ec tiv e ly . R ad iosonde  data , reco rd ed  a t 1730 1ST arc  
an a ly sed  to  s tudy  th e  rad io -re frac tiv ity  g rad ien ts  at d iffe ren t 
p ressu re  levels, a fte r the d ep artu re  o f  th u n d e rs to rm . T ab le  2 
rep resen ts the rad io -refrac tiv ity  g rad ien ts at d iffe ren t p ressu re  
levels, a fte r the d ep artu re  o f  th e  th u n d e rs to rm . It can  be 
o b se rv ed  from  th is  tab le , that a fte r th e  d ep a rtu re  o f  the 
th u n d ersto rm , th e  first few  k ilo m ete rs  ab o v e  th e  earth  
su rface  are h ig h ly  su p er-re frac tiv e  w ith  re sp ec t to  su rface  
level. It can be no ticed  fu r th e r th a t the v a lu es o f  rad io - 
re frac tiv ity  g rad ien ts  at d iffe ren t p ressu re  lev e ls  a re  ly ing  
b e tw een  th e  no rm al an d  su p er-re frac tiv e  range.
T»l)lt 2. Rcfractivity grerlienu at dilferent pressure level, after the 
departure of tJie thunderstorm.
Date Refractivitv gramdicnl with respect to earth surface
at 950 mb at 900 mb at 850 mb at 800 mb at 750 mb 
6 5 86 -118.87 93.46 -66 12 -52.66 -46.79
17 5.86 -141 96 -U 4 58 -100.44 -82 62 -73.49
30.5 86 -134 43 -69 36 50 16 -50.92 47 53
31 5 86 -78 21 -47 08 -44.30 -49.61 -54 63
8. S O D A R  o b s e rv a tio n  o f  L P B L  d u r in g  so m e  d a y s , 
e x p e r ie n c e d  th u n d e r s to r m
A c o u s tic  ra d a r d a ta  a re  reco rd ed  to  s tu d y  th e  lo w er 
a tm o sp h eric  stru c tu res  a ris in g  due  to  th e  o ccu rren ce  o f  
th u n d ers to rm s d u rin g  th e  pre^^monsoon season  o v e r easte rn  
reg io n  o f  Ind ia. E n v iro n m en ta l no ise , p ro d u ced  due to  
gustin ess  o f  w in d , res tric t th e  av a ilab ility  o f  so d a r data  
d u rin g  th e  in itial stage o f  th u n d ersto rm . A fter d iss ip a tio n  o f  
h e a v y  d o w n p o u r  d u e  to  fo rm a tio n  o f  a n v il  sh a p e d  
cum u lo n im b u s c loud, various types o f  m ultilayered  structures, 
a sso c ia ted  w ith  w av e  m otion  in e lev a ted  and g ro u n d  based  
in v ersio n  layers w ere  reco rd ed . T o  th is sec tio n , w e w ill 
d iscu ss ab o u t the aco u stic  rad ar o b se rv a tio n s , reco rd ed  
d u rin g  few  sto rm y  days o f  th e  p re -m o n so o n  season . 
Figure 12 : O n 26 th  A pril 1986, a N o r ’w este r w ith  50 km / 
h r  w in d  speed  h it o u r site  o f  ex p erim en t. B lack  co n tin u o u s  
p a tch  from  2 2 2 8  h o u rs  to  2 3 2 6  h o u rs  in d ica tes  h eav y  sh o w er 
d u e  to  o u tb u rs t o f  th u n d e rc lo u d  fo rm ed  o v e r th e  site  w h ich  
b ro u g h t ab o u t an  d ro p  in su rface  tem p era tu re . A fte r 
d ep artu re  o f  h eav y  sh o w er, in fo rm atio n  b ro u g h t by ech o  
p a tte rn  ap p eared  as a w av e  m o tio n  in g ro u n d -b ased  and
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e le v a te d  te m p e ra tu re  in v e rs io n  layers. M u ltila y e re d  s tru c tu re s  
a re  fo rm e d  ju s t b e fo re  th e  o n se t o f  se c o n d  sh o w er. D u rin g
Figure 12. Monostalic SODAR record of ihundeislorm on 26lh 
April i m .
la te r  h o u rs , a th in  g ro u n d -b a se d  te m p e ra tu re  in v e rs io n  la y e r 
h as b e e n  fo rm e d .
F ig u re  13 It p re s e n ts  th e  s tru c tu re  d e v e lo p e d  o n  2 8 th  
A p ril 19 8 6  a f te r  p a ssa g e  o f  a  N o r 'w e s te r  a s so c ia te d  w ith  65  
k m /h r  w in d  sp e e d  an d  sca tte red  ra in . D ue to  th is th u n d e rs to rm .
Figure 13. Monosialic SODAR record of lliundcrslorm on 2Kth 
April m b
th e  g ro u n d  lev e l a tta in e d  2 “C  d ro p  in te m p e ra tu re . G ro u n d -  
b a se d  te m p e ra tu re  in v e rs io n  la y e r , is fo rm e d  d u e  to  e m iss io n  
o f  in f ra re d  ra d ia tio n  b y  e a r th  su rfa c e . It h ad  e x p e r ie n c e d  a 
n u m b e r  o f  f ro n ta l  d is tu rb a n c e s  s ta r tin g  fro m  m id n ig h t to  
e a r ly  m o rn in g  h o u rs . P a ssa g e  o f  th e se  fro n ta l d is tu rb a n c e s  
o v e r  th e  la y e r  o f  in v e r te d  lap se  ra te  h a d  c re a te d  e n o rm o u s  
w in d  sh e a r in g . Im p a c t o f  w in d  s h e a r  (a s so c ia te d  w ith  ra p id ly  
c h a n g in g  w in d  sp e e d  an d  d ir e c tio n )  is e x tr e m e ly  p ro n o u n c e d  
o n  th e  to p  o f  th e  g ro u n d  b a se d  te m p e ra tu re  in v e rs io n  lay er.
F ig u re  14 : It p re s e n ts  a  lo w e r a tm o sp h e r ic  v iew  o b ta in e d  
a f te r  o f f s e t  o f  a  th u n d e r s to rm ic  a c tiv ity  th a t o c c u rre d  on  6 th  
M ay  1986. T h e  th u n d e r s to n n  w a s  a s s o c ia te d  w ith  a  w in d  
sp e e d  o f  82  k m /h r  a n d  3 0  m m  o f  ra in , w h ic h  b ro u g h t a b o u t
-------  I — ^ ^  I ^ —   _
th u n d e rs to rm . T h is  f ig u re  sh o w s th a t th e  h e ig h t ol \\^ .^ 
g ro u n d -b a se d  te m p e ra tu re  la y e r  w as  ra ise d  u p to  40 0  meici 
(a ro u n d  2 1 0 0  h o u rs )  d u e  to  rap id  ra d ia tiv e  c o o lin g  of 
e a rth  su rfa c e . A f te rw a rd s , fro m  2 2 0 0  h o u rs  to  013 0  houis 
1ST, th e  L o w e r P la n e ta ry  B o u n d a ry  L a y e r  ap p ea red  us ji 
h ig h ly  tu rb u le n t la y e r  a ss o c ia te d  w ith  m u lti la y e re d  slruciurLs 
a n d  sm a ll-sc a le  ir re g u la r it ie s  c lu s te re d  a ro u n d  40 0  metci 
lev e l o f  th e  lo w e r a tm o sp h e re , w h e re a s  th e  th ic k n e ss  of thi 
g ro u n d -b a se d  te m p e ra tu re  in v e rs io n  la y e r  w a s  150 nutci 
o n ly .
F ig u re  15 : T h is  p a r t ic u la r  s tru c tu re  w a s  o b ta in e d  on 7iii 
M ay  1986, a f te r  d e p a r tu re  o f  h ig h ly  g u s ty  w in d  an d  scaucred 
ra in  o c c u rre d  d u e  to  N o r 'w e s te rs . D ue  to  th is  Nor'wcstci 
su r fa c e  te m p e ra tu re  d ro p p e d  b y  2 °C . A  b ro k e n  elevaied
V -
Figurc 15. Monostalic SODAR record ol Ihuiidcrsiorm on 7ih M,> 
1986
lay e r w as fo rm e d  a t th e  h e ig h t leve l o f  4 0 0  m e te r . T he reyui'' 
b e lo w  th is  la y e r re v e a le d  th e  d e sc e n t o f  m a n y  o th e r  elcvuiu 
la y e rs  o f  sm a ll th ic k n e s s  to w a rd s  th e  g ro u n d  fh e  cli.i' 
re g io n  b e tw e e n  th e se  la y e rs  in d ic a te s  th e  ex is tence (' 
h o m o g e n e o u s  a tm o sp h e re . A ro u n d  0 4 0 0  h rs  1ST, the bioku 
e le v a te d  la y e r c o a le sc e d  w ith  th e  g ro u n d -b a s e d  invcrsioi 
la y e r  to  fo rm  a s in g le  la y e r o f  3 5 0  m e te r  th ic k n e ss , nunin  
e a rly  m o rn in g  h o u rs  (f ro m  0 4 0 0  h o u rs ) , as e le v a te d  invcrsin: 
la y e r  a s so c ia te d  w ith  w a v e  m o tio n  w a s  a p p e a re d  These 
u n d u la t in g  s tru c tu re s , h a v in g  ab o u t 100 m e te r  peak  to pe.ir 
a m p litu d e  a n d  s l ig h tly  d is tu rb e d  p e r io d ic i ty , su s ta in ed  lor 
lo n g  tim e .
F ig u re  16 : O n 13th  M a y  1986 , a  N o r 'w e s te r  w ith  71 hrn 
h r  w in d  sp e e d  o c c u rre d  a t o u r  s ite  o f  e x p e r im e n t. I 6 nn' 
o f  ra in  c a u se d  d u e  to  th is  th u n d e r s to rm  b ro u g h t about .i 
7 .6 °C  d ro p  in su r fa c e  te m p e ra tu re . A fte r  th e  dissipation ot 
h e a v y  d o w n p o u r  d u e  to  th e  th u n d e r s to rm , th e  surface-bastd
Figure 14. Monostalic SODAR rccrod of thunderstorm on 6th May 
1986
1 1°C  d ro p  in su r fa c e  te m p e ra tu re . D u e  to  p o w e r  fa ilu re , w e  
c o u ld  n o t  re c o rd  th e  a c o u s tic  ra d a r  o b s e rv a tio n s  a p p e a re d  
a f t e r  th e  d e p a r tu r e  o f  h e a v y  s h o w e r  c a u s e d  d u e  to
Figure 16. Monostalic SODAR record of tJiunderslonn on I " 
May 1986
la y e r  e n c o u n te re d  u n d u la t io n s  (w a v e - l ik e  s tru c tu re s) . Th^ *^**^ 
w a v e - l ik e  s t ru c tu r e s  r e m a in e d  p r e s e n t  u p to  midnig^^*
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VitL-rwards, s m a ll-s c a le  e d d ie s  (a i r  m a s se s  h a v in g  d if fe re n t 
i^nipcrature a n d  d e n s i ty  s t r u c tu r e s  th a n  th a t  o f  th e  
surroundings) w e re  seen  to  e x is t at a b o u t a  h e ig h t o f  6 0 0  
niciers (0 2 0 0  h rs  1ST). A  w e ll-m ix e d  ty p e  o f  a tm o sp h e re  
found ab o u t 6 0 0  m e te rs . D u rin g  e a r ly  m o rn in g  h o u rs , sm all- 
cgie ed d ies o f  c o m p a ra tiv e ly  b ig g e r  d im e n s io n  b eg an  to  
settle on th e  to p  o f  th e  g ro u n d -b a se d  in v e rs io n  la y e r o f  3 0 0  
meter th ick n ess. F ro m  th e  a b o v e  e x p e rim e n ta l o b se rv a tio n s , 
ii is c o n c lu d e d  th a t d e p a r tu re  o f  p re -m o n so o n  sea so n a l 
thunderstorm s in itia te s  th e  fo rm a tio n  o f  w a v e -m o tio n  an d  
niulnliiyered s tru c tu re s  in th e  lo w e r p la n e ta ry  b o u n d a ry  
layer
9, Discussion and conclusion
The p re - m o n s o o n  s e a s o n a l  th u n d e r s to r m s  a f f e c t  th e  
propagation o f  a  188 M H z  V H F  s ig n a l, p ro p a g a tin g  o v e r  a  
70 kill long  L O S  lin k  (s itu a te d  o v e r  e a s te rn  reg io n  o f  In d ia )
,n Jiffe ren l w a y s . W e  h a v e  a tte m p te d  to  s tu d y  th e  im p ac t o f  
ihcse seaso n al th u n d e r s to rm s  o n  v a r io u s  p a ra m e te rs  su ch  as 
jverage V H F  s ig n a l lev e l, fa d e  ra te  an d  fa d e  d e p th  o f  V H F  
smnaT vtc. In a d d itio n  to  th is , ra d io so n d e  d a ta  an d  S O D A R  
observations a re  a lso  a n a ly s e d  to  in v e s tig a te  th e  e ffec t o f  
these th u n d e r s to r m s  o n  th e  r a d io c l im a to lo g y  o f  th e  
cMMionmcnt th ro u g h  w h ic h  th e  188 M H z  V H F  s ig n a l is 
propagating. T h e  fo l lo w in g  c o n c lu s io n s  a re  d ra w n  from  th e  
.iiicilysis o f  re c o rd e d  d a ta .
1 D ue to  o n se t o f  th u n d e rs to rm , th e  188 M H z V H F  
signal e x p e r ie n c e s  a b o u t 10 to  15 d b  lo ss in its 
a v e ra g e  s ig n a l lev e l.
2. D e p a rtu re  to  th u n d e rs to rm s  h a s  b ro u g h t a re m a rk a b le  
im p ro v e m e n t in th e  a v e ra g e  lev e l o f  th e  V H F  sig n a l.
T  A v e ra g e  fad e  ra te  o f  th e  V H F  s ig n a l h as in c rea sed  
sh a rp ly  d u r in g  th e  m a tu re  s tag e  o f  th e  th u n d e rs to rm .
4 D iss ip a tio n  o f  th u n d e rs to rm  h as b ro u g h t a n o tic e a b le  
d ro p  in th e  a v e ra g e  fad e  ra le  o f  th e  V H F  sig n al.
5 A s ig n if ic a n t rise  in a v e ra g e  fad e  d e p th  o f  th e  V H h 
sig n al h a s  b e e n  ob .served  d u r in g  th e  o c c u rre n c e  o f  
th u n d e rs to rm .
h D ep a rtu re  o f  th u n d e r s to n n s  h as a lw a y s  b ro u g h t a 
sh a rp  fa ll in th e  a v e ra g e  fad e  d e p th  o t th e  s ig n a l.
7. D u rin g  s to rm y  d ay s , th e  d iu rn a l v a ria tio n  o f  su rfa c e  
rc f ra c tiv ity  h as sh o w e d  an o sc i l la to ry  b e h a v io r , 
w h e reas  on  n o rm a l d ay s , th e  su rface  rc fra c tiv ity  h as 
d ec re a se d  g rad u a lly  b e tw een  0 2 3 0  an d  1430 h rs  1ST, 
an d  it has in c reased  s lo w ly  b e tw een  1430 an d  2 0 3 0  
h rs 1ST.
8. B efo re  th e  o n se t o f  a th u n d e rs to rm , th e  rc fra c tiv ity  
g rad ien ts  (w ith  re sp ec t to  the  su rface  lev e l) a t d iffe ren t 
p re ssu re  levels ( tro m  9 5 0  m b  to  750  m b ) re m a in e d  
b e tw een  th e  n o rm a lly  re fra c tiv e  and  su b -re fra c tiv e  
ranges .
9 A fte r  th e  d is s ip a t io n  o f  th e  th u n d e r s to r m , th e  
rc frac tiv ity  g rad ien ts  at d iffe re n t p re s su re  lev e ls  (fro m  
95 0  nV o 750  m b) have  re m a in e d  b e tw een  th e  
n o rm al u.id su p e r-rc fra c tiv e  ran g es .
10 S o d ar o b se rv a tio n s  rev ea l th a t a fte r  th e  d i.ssipation  o f  
h eav y  d o w n p o u r d u e  to  th u n d e rs to rm , v a rio u s  ty p es  
o f  m u ltilay e red  s tru c tu re s , so m e tim e s  a sso c ia te d  w ith  
wave-1 ike s tru c tu re  in e lev a ted  and  g ro u n d -b a se d  
in v ersio n  lay er a re  fo rm ed  in th e  firs t few  h u n d red  
m ete rs  o f  th e  lo w er a tm o sp h e re .
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